Agricultural crops and pasturelands cover 24-38% of the global land area, and thus the ecological services that agricultural systems provide are of utmost societal importance. An important determinant of ecosystem services provision from European farmland is the amount and spatial arrangement of trees, shrubs and woodlands that are integrated into the respective landuse systems. This paper uses an institutional economics framework for the analysis of payment schemes for ecosystem services (PES schemes) that enhance the establishment, conservation and management of farm trees and woodlands, elaborating on the reasons for the often very reluctant participation of farmers in these schemes. PES schemes in Saxony (Germany) were selected as a typical example. Obstacles identified included high production costs and opportunity costs for land use, contractual uncertainties, land-tenure implications and heterogeneous societal preferences for ecosystem services of farm trees. Further, since scheme adoption has been relatively low compared with the total area covered by the respective farm tree types in Saxony, the PES schemes alone could not explain the substantial increase in number and size of some farm-tree types, in particular hedgerows. Regionalized premiums, result-oriented remuneration and cooperative approaches are options to improve participation in PES schemes for farm trees. The example of PES schemes for farm trees highlights one of the major challenges for the protection and preservation of cultural landscapes: they are manmade and thus need to be preserved, managed and maintained continuously.
INTRODUCTION
With estimates for agricultural crops and pasturelands ranging between 24% and 38% of the global land area, the ecological * Correspondence: Dr Christian Schleyer e-mail: schleyer@bbaw.de services that agricultural systems provide are of utmost societal importance . Depending on the specific agricultural system, provision of food, fibre and fuel can be accompanied by a range of regulating and cultural ecosystem services, but also by unwanted environmental 'bads', for example habitat loss, nutrient runoff, or pesticide poisoning of non-target species (Zhang et al. 2007 ). An important determinant of ecosystem services provision from European farmland is the amount and spatial arrangement of trees, shrubs and woodlands that are integrated into the respective land-use systems (Auclair et al. 2000) . These landscape elements have been conceptualized as 'farm trees' (items similar to single trees; Arnold & Deewes 1997) , 'farm woodlands' (similar to small forest stands on agricultural land; van der Horst 2006) or 'trees outside forests' (FAO [Food and Agriculture Organization of the United Nations] 2001). The FAO (2000, p. 40 ) defined them as all trees excluded from the definition of forest and other wooded lands. In this paper, we use the term 'farm trees' to refer both to single trees and more comprehensive groups of trees on agricultural land.
Farm trees and woodlands are considered 'keystone structures' of agroecosystems because of their large ecological values relative to their low abundance. Across a broad spectrum of ecosystems, overall species diversity is strongly linked to a high-quality structure of scattered farm trees and to the fact that they are single trees rather than part of a large consolidated forest patch (Tews et al. 2004; Manning et al. 2006; Gibbons et al. 2008) . Farm trees provide many parallel ecosystem services, such as buffering groundwater pollution (Ryszkowski & Kedziora 2007) , controlling surface runoff and soil erosion (Pattanayak & Mercer 1997) , and offering cultural services such as aesthetics and sense of place (McCollin 2000) . Only recently has the contribution of farm trees towards climate change mitigation (mainly through enhanced carbon sequestration in vegetation and soils; see Nair et al. 2009; Plieninger 2011) and adaptation (through increasing the resilience of agricultural systems against adverse impacts of changing climate conditions such as drought, erosion or fertility loss; compare Verchot et al. 2007; Manning et al. 2009 ) been acknowledged. Farm trees also assist adaptive responses of organisms and, thus, can help to overcome the interacting negative effects of climate change and land-use change on biodiversity (Manning et al. 2009) .
Given all of these benefits, it is a cause of concern that a number of case studies from around the world have reported (Plieninger & Schaar 2008) , in southern Germany around 50% of scattered fruit trees vanished during the second half of the 20th century (Eichhorn et al. 2006) , and major declines in hedgerow network structure have been observed throughout Western Europe (Deckers et al. 2005) . Among the most common threats are legal or illegal clearing, lack of tree regeneration, pathogens degrading tree health, shrub encroachment, abandonment of traditional grazing regimes and agricultural intensification (Manning et al. 2006) . Similar trends can be observed in the eastern German state of Saxony, where characteristic farm trees include isolated trees, hedgerows, meadows with scattered fruit trees (Streuobst), woodlots, shrublands and tree rows (see Fig. 1 for an example). Here many farm trees have been lost in past decades, particularly in consequence of the intensification of agricultural production implemented under the former German Democratic Republic (GDR) of the 1960s and 1970s (Philipp 1997) . Since German reunification in 1990, nature protection and latterly the concept of ecosystem services provided by farm trees have become more prominent. However, at the same time agricultural production has remained intensive. The changes in number and area or row length of the various types of farm trees during this period (1992/1993-2005) , as assessed through state habitat and land use inventories, offer a mixed picture: the number and area cover of scattered fruit tree meadows and the number of isolated trees decreased drastically. Other farm tree types, in particular hedgerows, increased equally significantly (see Table 1 ).
Since the early 1990s, a range of incentive-based schemes have been established that enhance the establishment, conservation and management of farm trees in Saxony. In the European Union (EU) member states, payment schemes for ecosystem services (PES schemes) have often been implemented as part of national or regional rural development plans (RDP). Farmers participate voluntarily in these schemes, which are cofinanced by the EU up to 75% of the costs, and have to commit to them for five years. Only an individual farmer's income losses, that is, opportunity costs, such as costs for additional labour, machinery and other farm inputs, as well as unrealized income due to lower yields for introducing (or continuing) a certain farming practice, are to be compensated, plus a maximum incentive component of 20% (see for example Bruckmeier & Schubert 1996) . In Saxony, all RDPs, here coined 'environmentally friendly agriculture' (Umweltgerechte Landwirtschaft [UL] ), implemented between 1994 und 2008 included only one measure explicitly targeting farm trees, concerning specifically the maintenance of scattered fruit-tree meadows.
Complementing these PES schemes, several contractual nature protection schemes (Vertragsnaturschutz) for agriculture, fish ponds and forestry were established in Saxony and all other German states in the 1990s. These schemes are voluntary, introduced with variable but limited contract duration, and contain rather flexible measures in terms of design and related premiums. Environmental authorities at the district level conclude contracts with individual or groups of farmers, or so-called Landcare Associations (LCAs, Landschaftspflegeverbände), and monitor and enforce them. In Saxony, with respect to farm trees, among others the plantation and renewal of scattered fruit trees, hedgerows, shrubs and riparian woods have been financed (Deimer et al. 2007) .
In Saxony, there are also incentive-based approaches and initiatives for farm trees in place that derive their financial means from private sources, more precisely from project developers and consumers. Here all 14 LCAs in Saxony, which operate at the district level, have played an important role for the plantation and maintenance of farm trees far beyond their activities in the state-financed contractual nature protection schemes. The LCAs are voluntary collaborations between nature-protection associations, farmers, land owners and municipalities, working mainly to protect the native fauna and flora and the biological resources in cultural landscapes, and to support environmentally friendly landuse systems and regional economic development (Bluemlein 2009 These incentive-based policies are complemented by two regulatory command-and-control approaches. The Saxonian Law concerning nature protection and landcare (Sächsisches Naturschutzgesetz), implemented in 1992, legally protects certain types of farm trees. Among other things, it is generally forbidden to remove or damage shrubs and scattered fruittree meadows. Additionally, specific landscape elements, such as individual hedgerows, tree rows and isolated trees may be designated for protection by the state authorities if the respective elements are characteristic of the surrounding landscape. The cross compliance element within the EU Common Agricultural Policy (CAP), introduced in 2003, stipulates that farmers will only receive (full) direct payments if they respect defined standards based on existing EU and national regulations (Dupraz et al. 2010) . In this context, Germany has established specific standards for good farming practices (GFPs), including the preservation of farm trees.
The performance of PES schemes and other policy instruments can be evaluated against a number of criteria (see for example Bemelmans-Videc et al. 2007 ), the most common of which are effectiveness and cost-effectiveness. While effectiveness refers to the accuracy and completeness with which the specified goals or policy objectives can be achieved, cost-effectiveness is determined by relating the resources expended (costs) to the accuracy and completeness of goals or policy objectives achieved. Considerations of costeffectiveness refer to the economic costs that society incurs for carrying out a certain policy. Two main cost categories can be distinguished. 'Production costs' refer to the costs of the actual activities that have to be undertaken by actors to provide ecosystem services. Cost differences may arise if an ecosystem service can be generated in different ways. For example, water pollution may either be reduced by limiting the use of fertilizers and pesticides, or by planting riparian woodlands alongside surface water bodies. Furthermore, the costs and benefits of certain individual measures to provide ecosystem services are subject to spatial and temporal variations; for example, the costs and benefits of hedgerows to reduce soil erosion due to water and wind differ depending on the slope and the soils of the adjacent land plots, as well as on the frequency and the time of year when maintenance is carried out. Production costs also include opportunity costs, which are the profits foregone when carrying out the activities prescribed by the PES scheme. For example, a commitment to use grassland extensively deprives a farmer of the opportunity to realize higher yields which would be possible with intensive grassland farming. 'Transaction costs' are not only incurred by the private sector, but also by the public sector at all administrative and political levels. Birner and Wittmer (2004) distinguished between decision-making costs and implementation costs, including monitoring compliance with policy requirements and enforcement measures.
The effectiveness and cost-effectiveness of policy instruments in general, and PES schemes in particular, are strongly influenced by the characteristics of the ecosystem, the ecosystem services and the related transactions targeted (Hagedorn et al. 2002; Kroeger & Casey 2007) . Conservation and management of farm trees is connected with multiple transactions, including planting, pruning and/or coppicing of trees and shrubs, producing and selling firewood and fruit, and 'producing' cultural ecosystem services for people living in or visiting the area. Most ecosystem services provided by farm trees are jointly produced in 'bundles' (Raudsepp-Hearne et al. 2010) and can consequently hardly be separately regulated. For example, planting and maintaining hedgerows for the reduction of soil erosion due to wind and water concurrently supplies habitats for a wide range of species and, thus, may increase biodiversity. Further, the resource units are both site-specific and immobile.
It is also important to consider that farm trees are part of semi-natural ecosystems that have been shaped by human uses. These are low-intensity 'wildlife-friendly farming systems' ) that need to be maintained in a regular fashion through extensive land management. Characteristic system attributes are co-occurrence of agriculture and biodiversity, landscape continuity and heterogeneity, and a fine-grained variability in land cover and value for biodiversity . Establishment and management of farm trees is knowledgeintensive and specific, and there is also some moderate capitalspecificity involved. For example, special machineries or technologies for pruning trees or maintaining hedgerows often cannot be used for other purposes. Although the production process of farm trees depends to some extent on stochastic events, such as rainfall, the related natural causeeffect relationships are rather regular, continuous and wellknown in farm tree ecosystems.
Employing the institutional economics framework described above with its focus on production and transaction costs related to policy instruments as well as on the impact of the characteristics of targeted resources, this study sets out to analyse the obstacles to design and implementation of cost-effective PES schemes for farm trees. Thus, we seek to contribute towards the design of improved policies to promote the ecosystem services provided by farm trees. Saxony is a typical case where farm trees are characteristic elements in a cultural landscape that has increasingly been used for intensive forms of agriculture. As in many other countries in central Europe, agricultural intensification has resulted in substantial loss and degradation of many farm tree types. From a policy perspective, Saxony is pertinent due to the variety of PES schemes that have been introduced over the last two decades to counter this trend. Further, these developments and Bruckmeier & Schubert 1996, p. 75; Deimer et al. 2007, pp. 86, 94, 96; SMLEF 1998, pp. 47-51; SMUL 2009, p. 45). their outcomes can be traced explicitly, since comprehensive statistics on both land cover and agricultural support are available.
OBSTACLES TO PARTICIPATION IN PES SCHEMES FOR FARM TREES
While PES schemes for farm trees in Saxony exist, they are often characterized by a narrow range of measures, the reluctant participation of farmers and other land users, and a limited performance. The supported land area under the EU cofinanced PES schemes (Umweltgerechte Landwirtschaft 1-3) 1994-2008 never exceeded 1700 ha (Fig. 2) and was during the whole period well below 15% (generally < 10%) of the total area covered by scattered fruit-tree meadows (see Table 1 ). The impact of the contractual nature conservation schemes has also been rather low. For example, between 2000 and 2006, only 49 ha of hedgerows were planted, a further 120 ha of hedgerows regenerated and supplemented, and 2700 scattered fruit trees planted on 21 ha (Deimer et al. 2007) . With respect to privately financed PES schemes, in 1997, 98 measures were carried out by LCAs to plant 37 km of hedgerows and other protective woodlands (SMLEF 1998, pp. 114f., 126) .
Several potential obstacles exist for the participation of farmers in PES schemes for farm trees in Saxony, namely (1) high production costs and (2) opportunity costs for land use, (3) contractual uncertainties, (4) land tenure implications and (5) heterogeneous societal preferences for ecosystem services from farm trees.
Production costs
Relatively high initial investments are needed for the plantation of farm trees and the continuous efforts necessary to maintain them contribute substantially to the reluctance of farmers and other land users to engage in PES schemes for farm trees (see for example Brodt et al. 2009) for the plantation of scattered fruit trees and an annual € 2 per tree for maintenance (pruning at 10 year intervals). They recommended scattered fruit-tree meadows required payments c. 1.1 times the usual compensation payments needed for 'normal' extensive grassland use. For the plantation of hedgerows and shrubs, they calculated values of € 4.60 m −2 for plantation and € 511 ha −1 yr −1 for maintenance (coppicing at 10 year intervals). In particular, the premiums offered in the PES schemes cofinanced by the EU are often perceived as insufficient to compensate for the costs incurred. Here, premiums paid amounted to € 205 ha −1 of scattered fruit-tree meadow plus € 3 tree −1 , up to a total maximum of € 450 ha −1 (see for example Bruckmeier & Schubert 1996) . Further, these PES schemes only allowed for homogenous annual premiums, not covering the initial investment costs. Investments in farm trees are also very asset-specific, that is they cannot easily be transferred across time and space once they have taken place. For example, a hedgerow planted by a farmer to reduce wind erosion or to increase biodiversity cannot simply be moved to another spot. What is more, planting and maintaining farm trees is very knowledge-intensive (Brodt et al. 2009 ) and may demand the use of special machinery, resulting in costs which are not covered by EU or state-financed PES schemes.
Opportunity costs of land use
The leasehold prices for arable land in Saxony, which accounts for 79% of the agricultural land (SMUL 2010a), are substantially higher than for grassland. Leasehold prices for arable land and grassland have been increasing steadily since 1991, from about € 71 ha −1 and € 51 ha −1 in 1991 to about € 126 ha −1 and € 72 ha −1 in 2007, respectively (Winkler et al. 2010) . Thus, farmers face comparatively higher opportunity costs for land use on arable plots, as opposed to grassland areas. Yet, these differences in opportunity costs are not reflected in the premium levels of most of the PES schemes for farm trees offered by public bodies in Saxony. Instead, other agricultural policies may even increase the opportunity costs for planting farm trees, for example by providing payments for growing energy crops. However, it is precisely here where many of the ecosystem services provided by farm trees are in short supply and where demand would be high, in particular, for preventing soil erosion due to wind and water, but also for maintaining biodiversity (Reeg 2008) . Examining the correlation between local natural conditions and demand for PES schemes in general, Osterburg (2000) found that the demand for PES schemes was significantly higher in regions with relatively poor natural conditions due to poor soil quality or being mountainous regions, and in regions with low average yields, low stocking rates and low land-use intensity. Further, he showed that demand for PES schemes decreased if the compulsory environmental requirements defined in the related measures increased, thus inducing substantial changes in farming practices. This would be relevant for farm trees that rely on long-term maintenance activities. Further, if the density of farm trees on a particular plot exceeds a particular point, the entire plot may not be regarded as an 'agricultural area' and thus may not be eligible for EU direct payments. Currently, this is a grey area in German law and is decided on a case-to-case basis by the responsible agricultural authorities (Chalmin 2008) . This constitutes, however, a clear disincentive for land users depending on these often fairly substantial payments. It may even prove to be a sufficient incentive for the removal of tree rows and (parts) of hedgerows adjacent to plots, in order to increase subsidized farm size and, thus, income.
Contractual uncertainties
PES schemes in the context of EU rural development regulations and many state-financed schemes usually require the participation of farmers for at least five years. The continuation of such contracts after the contract period, however, is not guaranteed by the state. In cases that require investments, this may negatively affect the willingness of farmers to commit themselves to such contracts and, consequently, the introduction of long-term contracts has been suggested (Hampicke 2001) . Such long-term contracts may also avoid the problem that in cases where a conservation benefit has been created which cannot be easily reproduced elsewhere the farmer is in the position to bargain for higher payments by threatening not to renew the contract (Wätzold & Schwerdtner 2005) . However, Stern (2003) argued that long-term contracts would impose risks on both contracting partners: (1) political and administrative authorities at state level would not have the option to end the contract prematurely free of charge, for example in response to budgetary problems and (2) farmers, in turn, would lose the option to react flexibly to changing market prices.
Land tenure implications
In most PES schemes for farm trees, farmers are conceptually treated as landowners, an assumption that is not supported by the reality of many European agricultural regions in general (see for example Hagedorn 2004) , and in Saxony where leasehold is prevailing in particular. Although the share of leased agricultural land has been decreasing in Saxony, from 89% in 1993 to 79.7% in 2007, leasehold remains dominant (Winkler et al. 2010, p. 4) . In order to participate in PES schemes fostering the planting of farm trees, farmers need the formal and official agreement of landowners. However, apart from contractual nature protection schemes, PES schemes in Saxony do not allow for compensation of negotiation costs or the acquisition of land. This problem of negotiation costs is even more pronounced in regions with fragmented land ownership, as is the case in Saxony. While most agricultural enterprises (5440) farmed < 100 ha, there were 467 enterprises farming ≥ 500 ha (Fig. 3) (SMUL 2010a ). Yet, there is also a risk involved on the part of landowners that, if they agree to the planting of farm trees on their land, future potential leaseholders may not want to lease land covered by farm trees or may want to bargain for lower land rents because of this. Further, a lock-in effect may be observed, since investments in farm trees only break even after the end of a current lease contract. Here, a land owner may opt for increasing land rent. In turn, if the current landlord died and his heir raises rent, the investment may be endangered if the farmer does not want to or cannot pay the elevated rent.
Heterogeneous societal preferences for farm tree ecosystem services
The level of financial means available for incentive-based schemes fostering farm trees depends to a great extent on the societal preferences for the various ecosystem services provided by farm trees. This is particularly important for privately financed schemes, such as 'Regional Scattered Fruit Cycles' (DLV 2010) or most of the activities carried out by LCAs (Bluemlein 2009 ). However, this 'societal willingness to pay' does not necessarily accord with environmental scarcity as assessed, for example, by environmentalists and other experts (see for example Sayadi et al. 2009 ). Some symbolic 'charismatic' species (Tisdell & Swarna Nantha 2007) or landscape features may attract much more public attention than others. In consumers' perceptions, aesthetic aspects may also play a more important role than detailed materialistic ecosystem services accounts, which are favoured by natural scientists. 'Willingness to pay' seems high for some types of farm trees, especially for scattered fruit-tree meadows (see Zander & Waibel 2005) . In other cases, such as woodlots and shrublands, which are important 'keystone structures' of agroecosystems yet often have less aesthetic value, the necessary financial means may be difficult to raise from private sources.
POLICY OPTIONS FOR IMPROVING PES SCHEMES FOR FARM TREES
What can be done to increase the participation of farmers in PES schemes for farm trees? Based on our investigation, we suggest the following policy options:
(1) Regionalized premiums for PES schemes that better account for variances, such as in soil quality and land use (arable or grassland), that result in high opportunity costs for farmers in some areas, may increase participation. However, implementing such a differentiated approach would entail higher transaction costs for administration and planning. Contractual nature-protection schemes for farm trees that are project-oriented (where premiums and conditions are negotiated individually based on calculations in project plans) seem to show promising levels of cost-effectiveness, particularly for complex measures related to farm trees (Bielig 2003) . Since state budgets for such schemes are usually limited and their application is often restricted to high-priority conservation reserves (Bielig 2003) , it is worth exploring ways of introducing regionalized premiums in EU cofinanced agrienvironmental schemes. (2) Farmers' opportunity costs for planting farm trees may also be reduced by critically evaluating agricultural and other policies, such as payments for growing energy crops that reduce incentives for farmers to plant farm trees (see Fargione et al. 2008) or even motivate farmers to reduce the size and number of farm trees on their plots. (3) The range of measures for farm trees within publiclyfunded PES schemes should be broadened to allow for the plantation and maintenance of those farm tree types for which private funds are difficult to raise, including shrublands, woodlots and tree rows. (4) In areas with a high share of leasehold and fragmented land ownership, premiums in PES schemes for farm trees should be higher to allow for compensation of negotiation costs between landowner and leaseholder. Here, intelligent contracts accompanied by effective mechanisms to reduce potential conflicts may reduce potential long-term risks for all contract partners when committing to PES schemes for farm trees. Further, the implementation of long-term payment schemes beyond the usual five year period should be considered. Constraining budget issues may be reduced by inducing cooperation agreements between different public and private bodies. (5) Since the planting and maintaining of farm trees is often very intensive of labour, time and knowledge, cooperative approaches may be helpful to reduce related costs, for example, for special machinery. Coordination between farmers is also required because the specific spatial configuration of farm trees across landscapes is critical to the provision of many ecosystem services, for example water purification services (Goldman et al. 2007) .
Successful examples of such environmental cooperatives can be found in the Netherlands (Slangen & Polman 2002) . Alternatively, demonstration projects could induce farmer-to-farmer discussions about options for support, plantation, maintenance and regional marketing (Brodt et al. 2009 ). Here, LCAs (Bluemlein 2009 ) could play a greater role.
(6) Agricultural economists regularly stress that the effectiveness and cost-effectiveness of PES schemes would increase if outcome-oriented rather than measureoriented payments were to be applied (see Wätzold & Schwerdtner 2005) . Furthermore, result-oriented remuneration would increase the innovation potential, reduce information asymmetries between state authorities and land users with respect to the latter's 'real' opportunity costs and quality of measures for farm trees carried out, and promote self-interest, cooperation, continuity, and farmers' intrinsic motivations and interests regarding environmental problems (Gerowitt et al. 2003) . However, the high complexity, heterogeneity and variability of ecological systems, such as farm trees and woodlands, make it difficult to apply result-oriented remuneration. Planting activities, for instance, may result in rather stochastic, uncertain and very much delayed (environmental) effects, such as the recurrence of certain rare plants or birds nesting in a particular hedgerow or woodlot. Thus, a farmer's 'investment' would be confronted by a highly uncertain premium level, or even no premium at all (Hampicke 2001) . (7) Finally, for specific and ecologically very valuable farm tree types GFPs may also include provisions to ensure their maintenance. Here, the fundamental question is which activities (or omissions) a land user should be paid for and which he should be obliged, by GFP or even by law, to provide (or to omit) without compensation. In general, the protection of abiotic resources, such as soil and water, is perceived predominantly as a basic component of GFP, whereas the active management of biotic and aesthetic natural resources, such as farm trees, is often regarded as exceeding this standard and, thus, would require compensation (Weins 2001) . In this context, Germany has established specific standards for GFPs, among others for the preservation of landscape elements, such as farm trees. It is forbidden to fully or partly remove (i) hedgerows longer than 20 m, (ii) tree rows of at least five trees and longer than 50 m, (iii) woodlots 100-2000 m 2 in extent and (iv) isolated trees which are designated as natural monuments (Knickel et al. 2001) . While extending the GFP provisions to maintenance of farm trees and regarding it as part of the 'social obligation of property' may be ethically justified, there are cases where it may be appropriate and useful to grant compensations nonetheless. This includes cases where land users are likely to give up farming completely due to the costs incurred because of the obligations, and where monitoring compliance is not possible or very costly, and thus farmers may be tempted to ignore the obligations.
DISCUSSION
We have shown that there has only been a very restricted portfolio of measures within EU cofinanced PES schemes available to foster the development of farm trees in Saxony. This finding is in line with the results of an evaluation of agrienvironmental schemes in the EU, where it was strongly recommended that a landscape approach should be followed that ensures the inclusion of farm trees, such as hedgerows and willow plantations, in EU funding programmes (European Commission 1998, pp. 140f) . Most PES schemes in Saxony have focused on the maintenance of scattered fruit-tree meadows, though some project-related funding (state and private sources) for planting of scattered fruit trees and, to a lesser extent, for hedgerows, shrubs and riparian woods, was also identified. Moreover, the participation of farmers and other relevant actors in these schemes has been relatively low compared with the total area covered by the respective farm tree types.
In Saxony, existing PES schemes and regulatory commandand-control policies have been insufficient to stop the drastic decline of scattered fruit-tree meadows and isolated trees. More precisely, while the protection of farm trees against intentional harms by the implemented command-and-control approaches can be considered as rather effective in general, there is no related legal obligation to actively manage the protected farm trees and to carry out management practices, such as tree regeneration or the regular pruning needed for long-term conservation of biodiversity and ecosystem services. These gaps may be responsible for the great reduction since 1992 of isolated trees (often over-aged and in need of regeneration) and meadows with scattered fruit trees (not viable without active management) ( Table 1) . Existing PES schemes and regulatory command-and-control policies are likely to have dampened the decline to some extent. Further, the portfolio of measures and the participation in PES schemes can only partly explain the increase in number and area of other farm tree types, such as woodlots, hedgerows, shrublands and tree rows. Possible explanations for this development include that farm trees and woodlands have expanded in size due to natural growth that has not been actively restrained by land users; perhaps these areas have been treated as set-aside. It may also be the case that some farmers or other land users have planted hedgerows even without financial assistance. Idealistic rationales may have been at work here. Indeed, farmers often used to provide these societal benefits voluntarily (Vatn 2010) . Here, the introduction of PES schemes may increase the danger of 'crowding out environmental virtues', meaning that farmers will only provide farm trees if they are paid for it.
Further, farmers may have not participated in PES schemes for farm trees because of the restrictions that would have been involved with formal contracting. In this case, they may have valued the option to reverse their decision (to grow farm trees) without possibly high exit costs. Alternatively, farmers of very small areas (< 2 ha) may not have been able to participate in EU cofinanced PES schemes because they were not eligible. Here, the only recently developed and implemented alternatives in Saxony ('habitat banking', 'regional scattered fruit cycles') may foster the planting and maintenance of farm trees in the future, particularly for such small farmers.
CONCLUSIONS
The findings of this review allow some lessons that can be learnt for the wider debate on PES schemes in agroecosystems, as many obstacles to the participation of farmers in PES schemes for farm trees are also relevant for other agroecosystems. These obstacles include high production costs which are often not fully compensated by the premiums paid and inflexible contracts in the context of PES schemes that, for example, do not take changing market prices into account. The specific features of farm trees, however, bring particular aspects related to land tenure, the temporal (longterm investment) perspective and high opportunity costs to the forefront. Solutions that may be developed to overcome these problems for PES schemes for farm trees are likely to improve other PES schemes dealing with similar resource characteristics. The most powerful options for improving PES schemes are regionalized premiums, result-oriented remuneration and cooperative approaches. The example of PES schemes for farm trees also highlights one of the major challenges for the management of ecosystem services in cultural landscapes: cultural landscapes are man-made, unlike primeval forests, and thus need to be preserved, managed and maintained continuously. This, however, demands constant efforts, not only financially, but also for improving the design of PES schemes and other policy approaches.
